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Editorial Comment
The Ductus Arteriosus: A
Window for Assessment of
Pulmonary Artery Pressures?*
A. REBECCA SNIDER, MD, FACC
Ann Arbor, Michigan
The assessment of pulmonary artery pressures and resis-
tance is a key factor in determining the medical or surgical
therapy in many children with a variety of cardiac and
pulmonary disorders. The measurement of pulmonary artery
pressures and resistance at cardiac catheterization remains
the reference standard for evaluation of the pulmonary
vascular bed; however, in the past 10 years, many attempts
have been made to develop reliable noninvasive methods for
estimating pulmonary artery pressures and resistance. These
attempts began with the introduction of M-mode echocar-
diography, which provided an easy method for measuring
right ventricular systolic time intervals (l,2). The informa-
tion obtained from these measurements lacked the precision
and sensitivity needed to make therapeutic decisions in a
large majority of patients; therefore, when more accurate
techniques for evaluation of the pulmonary vascular bed
were developed using Doppler echocardiography, the use of
systolic time intervals was largely abandoned.
Echocardiographic methods to estimate pulmonary artery
pressures. Several methods for estimation of pulmonary
artery pressures with Doppler echocardiography are cur-
rently available. Estimation of the pulmonary artery systolic
pressure from the peak velocity of the tricuspid regurgitation
jet is the method that has the most accuracy, the greatest
ease of use and the most widespread application (3,4). To
calculate the peak systolic pressure gradient across the
tricuspid valve, the peak velocity of the tricuspid regurgita-
tion jet is substituted in the simplified Bernoulli equation
(pressure gradient = 4 x peak velocity2). The right ventric-
ular systolic pressure and the pulmonary artery systolic
pressure (assuming no pulmonary stenosis) is the sum of the
peak systolic pressure gradient across the tricuspid valve
and the right atrial pressure. Right atrial pressure can be
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measured directly or assumed to be normal. Using this
approach, several investigators (3,4) have shown excellent
correlations between Doppler and catheterization measure-
ments of pulmonary artery systolic pressure. Because as
many as 80% of normal children (5) and an even higher
percentage of children with pulmonary hypertension have
some degree of tricuspid regurgitation, this method has
widespread applicability. In addition, the method is quite
simple as it requires only one Doppler measurement.
Similar Doppler techniques have been used to estimate
pulmonary artery systolic pressure in children with a ven-
tricular septal defect and no pUlmonary stenosis. From the
peak velocity of the jet flow across the ventricular septal
defect and the simplified Bernoulli equation, the peak sys-
tolic pressure gradient from the left to the right ventricle can
be calculated. If there is no aortic stenosis, the cuff systolic
blood pressure can be used to approximate left ventricular
systolic pressure. Thus, the right ventricular and pulmonary
artery systolic pressures are equal to the cuff systolic blood
pressure minus the pressure gradient across the ventricular
septal defect. With use of this approach, excellent correla-
tions between Doppler and catheterization measurements of
pulmonary artery systolic pressure have been reported (6,7).
Like the ventricular septal defect, the patent ductus
arteriosus provides another window for examining the pul-
monary vascular bed. Direct Doppler interrogation of the
ductus arteriosus can provide important information con-
cerning the direction and magnitude of ductal shunts, the
relative pulmonary and systemic vascular resistances and
the pulmonary artery systolic, mean and diastolic pressures.
Several different flow patterns have been reported when the
ductus arteriosus was sampled directly using pulsed or
continuous wave Doppler echocardiography. With a pure
left to right ductal shunt, continuous flow signals can be
recorded that are directed toward the main pulmonary artery
and that have a peak velocity in late systole. Peak systolic
pressure gradients across the patent ductus arteriosus can be
calculated by substituting the peak velocity in late systole in
the simplified Bernoulli equation. Doppler gradients have
correlated closely with catheterization measurements of the
peak instantaneous gradient between the aorta and pulmo-
nary artery in systole (8,9). Patients with a pure right to left
ductal shunt have a continuous negative flow away from the
main pulmonary artery with a peak velocity in early systole
(9,10).
Bidirectional ductal shunting has been reported in infants
with a patent ductus arteriosus and severe pulmonary artery
hypertension (9,11). In these cases, the right to left shunt
occurs as a negative deflection in systole, and the left to right
shunt occurs as a positive deflection beginning in late systole
and extending into late diastole. Patients with no oxygen
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saturation differences above and below the patent ductus
arteriosus have a right to left shunt that peaks in early
systole, whereas those patients with oxygen saturation dif-
ferences of 5% to 30% above and below the patent ductus
arteriosus have a right to left shunt that peaks in mid to late
systole (10).
The present study. In this issue of the Journal, Musewe et
al. (12) examine Doppler recordings from the patent ductus
arteriosus of newborn infants with persistent pulmonary
hypertension. The presence of bidirectional ductal shunting
identified infants with a pulmonary artery systolic pressure
elevated to near systemic levels or above. Suprasystemic
pulmonary artery pressure was found when the duration of
the right to left shunt was 2:60% of systole. Furthermore, in
patients with bidirectional ductal shunting, manual superim-
position of the ductal and ascending aorta Doppler tracings
allowed accurate identification of the timing of peak systole
and, thus, estimation of peak systolic pulmonary artery
pressure.
Is the patent ductus arteriosus a window for assessment
of pulmonary artery pressures? Previous studies and the
study of Musewe et al. (12) show that, indeed, Doppler
spectral tracings obtained from the ductus arteriosus are
especially useful for evaluating the status of the pulmonary
vascular bed. This approach is, however, not without limi-
tations. First, sample volume position can profoundly affect
the Doppler recordings and estimated pulmonary artery
pressures. Peak velocities of the left to right shunt are
recorded with the sample volume on the pulmonary end of
the ductus arteriosus, and peak velocities of the right to left
shunt are recorded on the aortic end of the ductus arteriosus
(8,9). Second, when using continuous wave Doppler record-
ings, care must be taken not to confuse signals arising from
flow in the adjacent left pulmonary artery with a right to left
ductal shunt. This distinction can be quite difficult, espe-
cially if a nonimaging continuous wave Doppler probe is
used (8). Third, the shape of the ductus arteriosus may be a
limiting factor in the estimation of the pressure drop with the
Bernoulli equation (10). Doppler techniques tend to under-
estimate the true pressure drop across tunnel-like obstruc-
tions when the orifice diameter is <3 mm. Also, Doppler
ultrasound tends to underestimate the true pressure drop
across very small orifices where viscous energy losses may
be quite significant. Thus, the size and shape of the patent
ductus arteriosus could affect the accuracy of the Doppler
estimate of pulmonary artery pressures.
Finally, estimation of pulmonary artery pressures from
the Doppler recording of the ductal shunts is a somewhat
cumbersome technique. For prediction of systolic pulmo-
nary artery pressure, three nearly simultaneous recordings
are required: 1) a Doppler recording of the ductal flow, 2) a
Doppler recording of the ascending aorta for the timing of
peak systole, and 3) a recording of central aortic blood
pressure. Estimation of the pulmonary artery systolic pres-
sures from the tricuspid regurgitation jet requires only one
recording-the peak velocity of the tricuspid regurgitation
jet. Nevertheless, Doppler recordings from the ductus arte-
riosus provide the cardiologist with another important win-
dow through which the pulmonary vascular bed can be
viewed.
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